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, Ingrid Estrada-Bellmann 1 Restless legs syndrome (RLS) has frequently been reported as a complication of end-stage renal disease, particularly among patients undergoing hemodialysis. In this population, it has been associated with decrease in quality of life 1 , and increased prevalence of depression and anxiety 2 . Also, an increased risk for cardiovascular events and mortality has been reported in uremic RLS patients 3, 4 in primary RLS, a recent systematic-review and meta-analysis 7 , demonstrated only an increased risk for all-cause mortality and although a hyperadrenergic state has been proposed as an explanation 5 , the precise underlying mechanism is still unknown 6 . In hemodialysis patients, it has been estimated that the prevalence of RLS is higher than that reported for the general population, with available evidence yielding a prevalence ranging from 20% to 60%, depending on the criteria used for the diagnosis. In Mexico, there is only one study regarding RLS, which reported a prevalence of 15.6% among 69,830 healthy women 8 , and studies regarding the prevalence of RLS in hemodialysis patients are lacking. Therefore, we designed a study to determine the prevalence of RLS in a Mexican population of patients undergoing hemodialysis, selecting patients who did not meet the criteria for RLS as controls.
METHODS

Ethics
Our study received ethical approval number NF15-001 from the Institutional Research Ethics Committee on February 27 th , 2015. Due to the nature of the study, only informed (nonwritten) assent was required from the subjects.
Study population
We evaluated 105 patients from the chronic hemodialysis program at our hospital, through a physician-directed interview. The presence of RLS was defined by fulfillment of the essential diagnostic criteria set out by the International RLS Group
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. Clinical characteristics of patients were obtained by direct interview, and paraclinical parameters were retrieved through medical record review. The control group comprised 86 patients who did not meet the criteria for RLS, recruited while searching for RLS in our hemodialysis program.
Statistical analysis
We performed statistical analysis of categorical variables using percentage, and for numerical variables, mean and standard deviation, or median and range were used where appropriate. To compare variables between patients and controls, we used the Chi square test for categorical variables; and for numerical variables, the t test and Mann-Whitney U test were used according to the distribution of the variable, as evaluated by the Kolmogorov-Smirnov test. Binary logistic regression was performed to test the association between RLS (present/absent as dependent variable) and the following variables at evaluation as regressors: iron-deficiency anemia (yes/no), length of time undergoing hemodialysis, pruritus (yes/no), and hemoglobin.
RESULTS
We found 19 patients with RLS (an estimated 18% prevalence). None of them reported symptoms or diagnosis of RLS prior to the development of end-stage renal disease or initiation of hemodialysis therapy.
Age, sex, and comorbidities were not statistically different between patients with RLS and controls. Among comorbidities, only iron-deficiency anemia was statistically different between RLS patients and controls (63.2% vs. 37.2%, p= 0.038). Clinical characteristics are detailed in Table 1 .
When compared with controls, RLS had non-significant lower hemoglobin (7.91 g/dL vs. 8.79 g/dL, p = 0.064) and hematocrit (24.8% vs. 27.7%, p = 0.055); and other red blood cell indices, such as mean corpuscular volume and mean hemoglobin concentration, were not statistically different ( Table 2) .
The presence of uremic pruritus was significantly higher in patients with RLS than controls (42.1% vs. 20.5%, p = 0.039). The course of renal disease, renal replacement therapy, and renal function surrogates (blood urea nitrogen, serum creatinine, and estimated glomerular filtration rate) were not different between groups. Serum electrolyte levels were within normal ranges, and did not differ between groups. Paraclinical characteristics are detailed in Table 2 .
Binary logistic regression analysis showed a non-significant trend for iron-deficiency anemia, uremic pruritus and hemoglobin to predict RLS (Table 3) , while the length of time undergoing hemodialysis was not significant.
DISCUSSION
Our study found an 18% prevalence of RLS in a Mexican hemodialysis population; this prevalence is lower than that reported in previous studies, which ranged from 20% to 60%, but similar to the only report from our country: 15.6% in a healthy population of 69,830 women 8 . We must emphasize that this previous Mexican study, although very valuable for being the first to determine the prevalence of RLS, has the limitation that the authors did not use the International RLS Study Group criteria, and patients were asked to answer questions regarding symptoms of RLS, which makes it difficult to ascertain this as the prevalence in a healthy Mexican population. As for the prevalence reported around the world, results have been heterogeneous, due to differences in criteria used for the diagnosis of RLS.
Among differences between RLS patients and controls, we found a significantly higher prevalence of self-reported iron-deficiency anemia. Although iron deficiency has been implicated in the pathogenesis of idiopathic RLS, available evidence (summarized by a recent review 10 ) suggests that disturbances in the brain's iron metabolism correlate with RLS
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, while serum iron parameters do not 12 .
We found a significantly higher prevalence of uremic pruritus in patients with RLS. We did not find any previous studies that associated RLS with uremic pruritus, and the prevalence in our RLS patients was similar to that reported by previous studies in non-RLS patients 13 ; both entities have been unsuccessfully proposed as surrogates for inadequate dialysis 14 . Surrogates of renal function, such as serum creatinine, blood urea nitrogen or glomerular filtration rate, did not differ between the RLS patients and controls. While this could suggest that RLS does not develop as a result of inadequate dialysis, many substances that accumulate in endstage renal disease are not routinely measured and the perfect marker for dialysis adequacy has not been found.
Our study is the first to evaluate RLS in a Latino population of patients undergoing hemodialysis using the updated International RLS Study Group criteria, which have not been used uniformly for diagnosis across available studies. Our main limitation is the small study sample, which makes it difficult to establish solid differences between patients and controls. We acknowledge that our study lacks invasive or detailed neurophysiological and biochemical measurements that help characterize RLS, such as polysomnographic studies or serum iron status, or dialysis adequacy parameters, such as urea reduction rate. Another important limitation is that we could not measure parathyroid hormone levels. In hemodialysis patients without RLS, evidence linking pruritus and parathyroid hormone has been conflicting 15, 16 , while in uremic RLS, elevated parathyroid hormone levels have been associated with poor sleep quality 17 , and in patients with severe hyperparathyroidism, surgical treatment (parathyroidectomy) resulted in an improvement of RLS symptoms
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. Despite limitations, our findings are useful because they represent the patients encountered in an ordinary practice in a resource-limited setting, such as Mexico. Larger epidemiological studies are required to further assess and define the characteristics of RLS in hemodialysis patients in high risk populations such as Latinos, with a special focus on paraclinical correlates such as parathyroid hormone, in order to elucidate the association with RLS.
In conclusion, RLS is a common complication in endstage renal disease patients undergoing hemodialysis, and
